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(57) The present disclosure relates to a user equip-
ment, base station and method for conducting de-
vice-to-device communications. A wireless communica-
tion system at least comprises the user equipment of the
presentdisclosure and another user equipment. The user
equipment comprises a control unit; and a transmission
unit which is controlled by the control unit and is used for
transmitting control information to another user equip-

ment by means of an uplink channel, wherein the control
information comprises at least one of data transmission
format information and power control information. Ac-
cording to the user equipment, base station and method
ofthe presentdisclosure, the efficiency of communication
between devices conducting device-to-device communi-
cations can be increased, thereby improving the data
transmission performance.
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Description
FIELD
[0001] The present disclosure relates to the technical

field of wireless communication, and in particular to a
user equipment, a base station and a method for per-
forming D2D (Device-to-Device) communication in a
wireless communication system.

BACKGROUND

[0002] This section provides background information
related to the present disclosure, which is not necessarily
the conventional technology.

[0003] The explosive growth of user data improves the
requirement for a data transmission rate and transmis-
sion efficiency. With increasing communication load be-
tween a user and a base station, direct communication
is performed between geographical adjacent devices
without relay of the base station, in this case, not only
load of the base station can be reduced but also a signal
is good due to a small communication distance. Further-
more, transmitting power between the devices may be
low, which is beneficial to reduce communication inter-
ference to other devices. D2D communication technolo-
gy is developed under such background.

[0004] The D2D communication changes the conven-
tional user-to-base-station communication mode, a part
of functions of the base station are conveyed to a user
equipment, hence, it is a challenge to design protocols
for both a physical layer, an MAC (Media Access Control)
layer and a high layer.

SUMMARY

[0005] This section provides a general overview for the
present disclosure, rather than the full disclosure for all
scope or all features of the present disclosure.

[0006] An object of the present disclosure is to provide
a user equipment, a base station and a method for per-
forming D2D communication in a wireless communica-
tion system, to raise efficiency of communication be-
tween D2D devices by designing reasonable control sig-
naling, thereby improving data transmission perform-
ance.

[0007] According to an aspect of the present disclo-
sure, a user equipment for performing D2D communica-
tion in a wireless communication system including at
least the user equipment and another user equipment is
provided, the user equipment includes: a control unit; and
a transmitting unit controlled by the control unit for trans-
mitting control information to the another user equipment
via an uplink channel, wherein the control information
includes at least one of data transmission format infor-
mation and power control information.

[0008] According to another aspect of the present dis-
closure, a base station for performing D2D communica-
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tion in a wireless communication system including a first
user equipment, a second user equipment and the base
station is provided. The base station includes: a control
unit; a receiving unit controlled by the control unit for re-
ceiving a signal from the firstuser equipment; and atrans-
mitting unit controlled by the control unit for transmitting
uplink scheduling grant information to the first user equip-
ment with a PDCCH (Physical Downlink Control Chan-
nel) when the receiving unit receives a D2D SR (Sched-
uling Request), to perform D2D communication between
the first user equipment and the second user equipment
from the first user equipment, where the control unit
makes a representation of whether a resource is allocat-
ed for device-to-device or device-to-base-station by add-
ing a bit to the uplink scheduling grant information.
[0009] According to another aspect of the present dis-
closure, an electronic device at a base station side ap-
plicable to a wireless communication system including a
first user equipment, a second user equipment and the
base station is provided, the electronic device includes:
a processing circuit configured to generate uplink sched-
uling grantinformation for D2D communication to be per-
formed between the first user equipment and the second
user equipment based on a D2D Scheduling Request,
SR, relative to the D2D communication from the first user
equipment; and map the uplink scheduling grant infor-
mation onto a Physical Downlink Control Channel, PD-
CCH, to indicate a resource for the first user equipment
to perform the D2D communication.

[0010] According to another aspect of the present dis-
closure, an electronic device at a user equipment side
applicable to a wireless communication system including
the user equipment, another user equipment and a base
station is provided, the electronic device includes: a
processing circuit configured to generate a D2D Sched-
uling Request, SR, for requesting performing D2D com-
munication between the user equipment and the another
user equipment to the base station; and map the D2D
Scheduling Request, SR, onto a Physical Uplink Control
Channel PUCCH, toindicate aresource for the D2D com-
munication requested by the user equipment.

[0011] According to another aspect of the present dis-
closure, a communication method at a base station side
applicable to a wireless communication system including
afirst user equipment, a second user equipment and the
base station is provided, the method includes: generating
uplink scheduling grant information for D2D communica-
tion to be performed between the first user equipment
and the second user equipment based on a D2D Sched-
uling Request, SR, relative to the D2D communication
from the first user equipment; and mapping the uplink
scheduling grant information onto a Physical Downlink
Control Channel, PDCCH, to indicate a resource for the
first user equipment to perform the D2D communication.
[0012] According to another aspect of the present dis-
closure, a communication method at a user equipment
side applicable to a wireless communication system in-
cluding the user equipment, another user equipment and
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a base station is provided, the method includes: gener-
ating a D2D Scheduling Request, SR, forrequesting per-
forming D2D communication between the user equip-
ment and the another user equipment to the base station;
and mapping the D2D Scheduling Request, SR, to a
Physical Uplink Control Channel PUCCH, to indicate a
resource for the D2D communication requested by the
user equipment.

[0013] According to another aspect of the present dis-
closure, a user equipment for performing D2D commu-
nication in a wireless communication system including
at least the user equipment and another user equipment
according to the present disclosure is provided, the user
equipment includes: a control unit; and a receiving unit
controlled by the control unit for receiving control infor-
mation transmitted by the another user equipment, where
the control information includes atleast one of data trans-
mission format information and power control informa-
tion.

[0014] According to another aspect of the present dis-
closure, a method for performing D2D communication in
awireless communication system including at least a first
user equipment and a second user equipment is provid-
ed, the method includes: transmitting, by the first user
equipment, control information to the second user equip-
ment via an uplink channel, where the control information
includes at least one of data transmission format infor-
mation and power control information.

[0015] By using the user equipment, the base station
and the method for performing D2D communication in
the wireless communication system according to the
present disclosure, a user equipment transmits the con-
trol information including at least one of the data trans-
mission format information and the power control infor-
mation to another user equipment via the uplink channel.
The efficiency of communication between D2D equip-
ments can be raised by such design, thereby improving
the data transmission performance.

[0016] A further applicable scope will become appar-
ent based on the description provided herein. The de-
scription and specific examples in the overview are only
for schematic purposes and are not intended to limit the
scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The drawings described herein are only for
schematic purposes of the selected embodiments rather
than all possible implementation, and are not intended
to limit the scope of the present disclosure. In the draw-
ings,

Figure 1ais a schematic diagram showing a scenario
for performing D2D communication in a wireless
communication system according to an embodiment
of the present disclosure;

Figure 1b is a schematic diagram showing another
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scenario for performing D2D communication in a
wireless communication system according to an em-
bodiment of the present disclosure;

Figure 2 is a block diagram showing a structure of a
user equipment according to an embodiment of the
present disclosure;

Figure 3 is a schematic diagram showing an example
of content of a PUCCH from a UE to a UE;

Figure 4 is a flowchart showing a modulation and
coding mode for control signaling according to an
embodiment of the present disclosure;

Figure 5 is a schematic diagram showing a resource
mapping mode for control signaling according to an
embodiment of the present disclosure;

Figure 6 is a flowchart showing a modulation and
coding mode for control signaling according to an-
other embodiment of the present disclosure;

Figure 7 is a schematic diagram showing a resource
mapping mode for control signaling according to an-
other embodiment of the present disclosure;

Figure 8 is a schematic diagram showing a resource
mapping mode for control signaling according to still
another embodiment of the present disclosure;

Figure 9 is a block diagram showing a structure of a
user equipment according to another embodiment
of the present disclosure;

Figure 10 is a flowchart showing a modulation and
coding mode in a case that control information and
data information are transmitted simultaneously ac-
cording to an embodiment of the present disclosure;

Figure 11 is a flowchart showing a resource mapping
mode in a case that control information and data in-
formation are transmitted simultaneously according
to an embodiment of the present disclosure;

Figure 12 is a schematic diagram showing an exam-
ple of content of a PUCCH from a UE to a BS (base
station) and content of a corresponding PDCCH,;

Figure 13 is a block diagram showing a structure of
a base station according to an embodiment of the
present disclosure;

Figure 14 is a block diagram showing a structure of
a user equipment according to still another embod-

iment of the present disclosure; and

Figure 15 is a block diagram showing an exemplary
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structure of a general-purpose personal computer
for implementing a method for performing D2D com-
munication in a wireless communication system ac-
cording to an embodiment of the present disclosure.

[0018] While the present disclosure is susceptible to
various modifications and alternative forms, specific em-
bodiments thereof have been shown by way of example
in the drawings and are herein described in detail. It
should be understood, however, that the description
herein of specific embodiments is not intended to limit
the present disclosure to the particular forms disclosed,
but on the contrary, the intention of the present disclosure
is to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the present disclo-
sure. Note that corresponding reference numerals indi-
cate corresponding parts throughout the several views
of the drawings.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0019] Examples of the present disclosure will now be
described more fully with reference to the accompanying
drawings. The following description is merely exemplary
in nature and is not intended to limit the present disclo-
sure, application, or uses.

[0020] Example embodiments are provided so that this
disclosure will be thorough, and will fully convey the
scope tothose skilled in the art. Numerous specific details
are set forth such as examples of specific components,
devices, and methods, to provide a thorough understand-
ing of embodiments of the present disclosure. It will be
apparent to those skilled in the art that specific details
need not be employed, that example embodiments may
be implemented in many different forms and that neither
should be construed to limit the scope of the disclosure.
In some example embodiments, well-known processes,
well-known structures, and well-known technologies are
not described in detail.

[0021] The present disclosure relates to D2D (Device-
to-Device) communication in a wireless communication
network. A device related to the present disclosure in-
cludes but notlimited to a terminal having a wireless com-
munication function such as a mobile terminal, a compu-
ter or a vehicle equipment. For a challenge brought to
control signaling on a physical layer due to the introduc-
tion of D2D technology, control signaling applicable to
the D2D communication is designed in the present dis-
closure.

[0022] Based on the current standardization process,
it is unanimously decided that the D2D communication
is performed in an uplink resource. Compared with the
conventional technology, the D2D communication has
the following differences.

[0023] First, in the conventional design for the uplink
control signaling, the base station completely controls
actions of the terminal, and has known which mode (a
modulation and demodulation mode, the size of a trans-
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mission block) the uplink data is transmitted in before the
data is transmitted, hence, the uplink control signaling
does not need to carry related transmission information.
However, in D2D peer-to-peer communication, the infor-
mation must be agreed upon between communication
equipments.

[0024] Second, in an HARQ (Hybrid Automatic Repeat
Request) process of the conventional user-to-base-sta-
tion communication, a confirmation for the received
downlink channel is transmitted over an uplink control
channel. APHICH (Physical Hybrid ARQ Indicator Chan-
nel) is designed for the downlink channel to transmit a
confirmation for uplink data. In the D2D communication,
it is necessary to transmit the confirmation for the down-
link data over the uplink channel, hence, the uplink control
channel needs to be changed.

[0025] Third, in a case that the D2D communication
and the conventional user-to-base-station communica-
tion are performed simultaneously, the control signaling
thereof must be designed so that a resource is allocated
reasonably in the two communication modes.

[0026] To this end, it is necessary to consider the fol-
lowing problems: information, necessary for the D2D
communication, carried on the control channel; a format
design for the control channel and a correspondence be-
tween the format design for the control channel and trans-
mission resource; a transmission mode of the control in-
formation, and the like.

[0027] The presentdisclosure aims at providing a user
equipment, a base station and a method for performing
the D2D communication in a wireless communication
system, to solve at least one of the above problems.
[0028] Figure 1aand Figure 1b show two scenarios for
performing D2D communication in a wireless communi-
cation system according to the embodiments of the
present disclosure. In the scenario as shown in Figure
1a, D2D communication is performed between a UE (Us-
er Equipment) 200 and a UE 300 in the wireless commu-
nication system. The UE 200 and the UE 300 perform a
direct communication within a monitoring area of a base
station 100 in a case that both the UE 200 and the UE
300 fall within a coverage area a of the base station 100.
On the other hand, in a case that the coverage area of
the base station is small, one (the UE 200) of the UE 200
and the UE 300 may be located outside of the coverage
area of the base station 100 (as shown by the curve b in
Figure 1), or both the UE 200 and the UE 300 are located
outside of the coverage area of the base station 100 (as
shown by the curve c in Figure 1). In the scenario as
shown in Figure 1b, the UE 300 belongs to a cell in which
the base station 100 is located and is located at the edge
of the cell, and the UE 200 belongs to a cell in which a
base station 100’ is located and is located at the edge of
the cell, and the UE 300 and the UE 200 perform D2D
communication in the wireless communication system.
The technical solution according to the embodiments of
the present disclosure is applicable to any one of the
above scenarios. In addition, it will be realized by those



7 EP 3 099 135 A1 8

skilled in the art that, although only two UEs are shown
in Figure 1a and Figure 1b, the number of UEs in the
wireless communication system may be three or more,
which is not specially limited in the present disclosure.
[0029] Itis provided in the present disclosure that pe-
ripheral devices (such as the UE 200 and the UE 300)
are found by a discovering signal between D2D equip-
ments, then the D2D communication is performed. Be-
fore this, certain control signaling is transmitted to imple-
ment real D2D communication.

[0030] Control information and data information may
be transmitted separately or in a merged way in a case
that the D2D communication is performed between the
UE 200 and the UE 300. In a case that the control infor-
mation and the data information are transmitted sepa-
rately, the base station 100 may participate in the D2D
communication performed between the UE 200 and the
UE 300, or may not participate in the D2D communication
performed between the UE 200 and the UE 300. In a
case that the control information and the data information
are transmitted in a merged way, the base station 100
does not participate in the D2D communication per-
formed between the UE 200 and the UE 300.

[0031] Figure 2 shows a structure of a UE 210 accord-
ingtoan embodiment ofthe presentdisclosure. As shown
in Figure 2, the UE 210 may include a control unit 211
and a transmitting unit 212. The UE 210 may further in-
clude a modulating unit 213 and a mapping unit 214.
Furthermore, the control unit 211 may further include a
data transmission format determining unit 2111 and a
power control unit 2112.

[0032] The transmitting unit 212 is controlled by the
control unit 211, and may be for transmitting control in-
formation to another UE via an uplink channel. Here, the
control information may include atleast one of data trans-
mission format information and power control informa-
tion.

[0033] For example, the data transmission format in-
formation may include at least one of: transmission block
allocation for allocating a resource block transmitted on
a PUSCH (Physical Uplink Shared Channel) of the op-
posite equipment, for example, the transmission block
allocation may have a same or similar format as resource
block assignment bits in the 3GPP standard; MCS (Mod-
ulation and Coding Scheme) which, for example, occu-
pies 5 bits for indicating a modulation and coding format;
new data indication, which, for example, occupies 1 bit
for identifying whether the data is new data or retrans-
mission data, for example, the new data indication may
have a same or similar format to a new data indicator in
the 3GPP standard; and a cell ID and a cell bandwidth
for calculating frequency hopping mapping from a virtual
resource block to a physical resource block.

[0034] Forexample, the power control information may
include a power control command indication (the number
of bits thereof is determined based on a specific power
control scheme) for indicating a power control mode of
the opposite equipment. For example, the power control
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information may have a same or similar format as a TPC
command in the 3GPP standard.

[0035] As mentionedabove,inthe conventional design
for uplink control signaling, the base station completely
controls actions of aterminal, and has known which mode
the uplink data is transmitted in before the data is trans-
mitted, hence, the uplink control signaling does not need
to carry related transmission information. However, in
D2D peer-to-peer communication, this information must
be agreed upon between communication equipments.
Hence, the control information including at least one of
the data transmission format information and the power
control information transmitted to another UE by the
transmitting unit 212 of the UE 210 via the uplink channel
may be agreed upon between the UE 210 and another
UE, thereby performing the D2D communication. It
should be noted that, the UE 210 described above may
be a party directly participating in the D2D communica-
tion, ormay be a UE (such as a cluster head) for providing
control for D2D communication performed between other
two or more UEs. In the latter case, the UE 210 transmits
the control information described above to other at least
two UEs via the uplink channel, so that information is
agreed upon between the UEs participating in the D2D
communication.

[0036] Accordingto an embodiment of the present dis-
closure, the data transmission format determining unit
2111 of the control unit 211 may determine data trans-
mission format information. In particular, for transmission
block allocation in the data transmission format informa-
tion, for example, the data transmission format determin-
ing unit 2111 may select an appropriate resource from
resource blocks allocated by the base station for the D2D
communication, based on the size of traffic and interfer-
ence situation, or select a resource which is negotiated
in a D2D discovering process before the D2D communi-
cationis performed. For the MCS in the data transmission
format information, the data transmission format deter-
mining unit 2111 may selectthe MCS based on a channel
condition. For example, a high-order modulation and de-
modulation mode may be used in a case that the channel
condition is good. In addition, for example, a low-order
modulation and demodulation mode may be used in a
case of broadcasting. The new data indication in the data
transmission formatinformation is used to identify wheth-
er the data is new data or retransmission data. For ex-
ample, the data transmission format determining unit
2111 may set the new data indication to be 1 in a case
of the new data, and may set the new data indication to
be 0in a case of the retransmission data. The data trans-
mission format determining unit 2111 may set the cell ID
and the cell bandwidth in the data transmission format
information to be a cell ID and a cell bandwidth of a cell
where the UE 210 is located.

[0037] In a case that the transmission block allocation
and the MCS are determined, forexample, the data trans-
mission format determining unit 2111 may negotiate with
the base station to ensure that: resource allocation for
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UE-to-UE and resource allocation for UE-to-base-station
does not cause serious mutual interference while maxi-
mizing respective communication capacity thereof; and
no serious mutual interference is caused between differ-
ent UE-to-UE communication pairs. In a case of no base
station, for example, the data transmission format deter-
mining unit 2111 may enable no serious mutual interfer-
ence between different UE-to-UE communication pairs
based on a preset algorithm and channel feedback (if
any) from other UEs.

[0038] Accordingto an embodiment of the present dis-
closure, the power control unit 2112 of the control unit
211 may determine power control information. In partic-
ular, forthe power controlcommand indication in the pow-
er control information, the power control unit 2112 may
use different power control methods based on different
communication conditions. Those skilled in the art may
use various power control algorithms for the D2D com-
munication, which is not specially limited in the present
disclosure.

[0039] For example, the power control unit 2112 may
adjust transmitting power reasonably based on informa-
tion such as a distance, relative motion, surrounding in-
terference situation between D2D communication termi-
nals and residual electricity quantity of the terminal by
interacting with the base station, so that throughout can
be ensured without strongly interfering peripheral equip-
ments.

[0040] Furthermore, the control information transmit-
ted by the transmitting unit 212 may further include at
least one of channel status report information, HARQ
(Hybrid Automatic Repeat Request) confirmation infor-
mation, transmission priority information and transmis-
sion stability indication information.

[0041] Forexample, the channel status reportinforma-
tion may include: a channel status transmitting request,
for example, which occupies 1 bit for displaying a request
to transmit a channel status report; and the channel sta-
tus report which is a status report for the uplink channel.
[0042] For example, the HARQ confirmation informa-
tion occupies 1 bit for indicating HARQ ACK or NACK,
which s a confirmation for UL-SCH (Uplink Shared Chan-
nel) received before.

[0043] For example, the transmission priority informa-
tion may include data priority indication, which, forexam-
ple, occupies 2 bits for identifying a priority of PUSCH
transmission data (if any) of a local equipment. The high-
est priority corresponds to a public security incident. The
data priority indication may also be used to distinguish
priority between cluster-header-to-user data and user-
to-user data in a case that a cluster head exists. A rea-
sonable resource allocation mode may be set by the op-
posite equipment based on the transmission priority in-
formation.

[0044] For example, the transmission stability indica-
tion information may include data transmission stability
indication which, for example, occupies 2 bits for identi-
fying the stability of data transmission (if any) of the local
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equipment. The D2D communication has a feature of im-
mediacy. Data transmission may be unstable due to fac-
tors such as mobility and residual electricity quantity of
the terminal, and interference from the peripheral equip-
ments. In a case that the local equipment has a high
mobility or has low residual electricity quantity, the trans-
mission stability indication information may be set, so
that the opposite equipment determines a receiving
mode for subsequent data based on the transmission
stability indication information, even initiates a discover-
ing process or a communication process to other equip-
ments again.

[0045] Itshould be noted that, in the above description,
preferably, the control information transmitted to another
UE from the UE 210 according to the embodiment of the
present disclosure includes at least one of the data trans-
mission format information and the power control infor-
mation, however, whichis notintended to limitthe present
disclosure. For example, the control information trans-
mitted to another UE from the UE 210 via the uplink chan-
nel may not include the data transmission format infor-
mation or the power control information described above,
and may include at least one of the channel status report
information, the HARQ confirmation information, the
transmission priority information and the transmission
stability indication information, such technical solution al-
so falls within the scope of the present disclosure.
[0046] According tothe embodiment ofthe present dis-
closure, the transmitting unit 212 may directly transmit
the control information to another user equipment by us-
ing a PUCCH (Physical Uplink Control Channel). In this
case, the base station will not participate in transmission
for control signaling between D2D equipments. In order
to distinguish from the PUCCH in the conventional tech-
nology, hereinafter, the PUCCH in this case is referred
to as a DPUCCH (Device PUCCH). In this case, trans-
mitting content, a modulation and demodulation mode of
the DPUCCH and a mapping relation between the
DPUCCH and time-frequency resource should be de-
signed in consideration of characteristics of the D2D
communication.

[0047] Based on a classification of the transmission
content, the DPUCCH may have at least one of the fol-
lowing formats:

a first DPUCCH format for transmitting at least one
of the channel status report information and the
HARQ confirmation information;

a second DPUCCH format for transmitting the data
transmission format information and the power con-
trol information, or for transmitting the data transmis-
sion format information, the power control informa-
tion and at least one of the transmission priority in-
formation and the transmission stability indication in-
formation; and

a third DPUCCH format for transmitting the data
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transmission format information, the power control
information, the channel status report information
and the HARQ confirmation information, or for trans-
mitting the data transmission format information, the
power control information, the channel status report
information, the HARQ confirmation information and
at least one of the transmission priority information
and the transmission stability indication information.

[0048] Specifically, for example, the DPUCCH may
have the following formats:

DPUCCH Format 1: the channel status report infor-
mation;

DPUCCH Format 1a: the channel status report in-
formation and the HARQ confirmation information;

DPUCCH Format 1b: the HARQ confirmation infor-
mation;

DPUCCH Format 2: the data transmission format
information and the power control information;

DPUCCH Format 2a: the data transmission format
information and the power control information and
the transmission priority information and the trans-
mission stability indication information;

DPUCCH Format 3: the data transmission format
information and the power control information and
the HARQ confirmation information and the channel
status report information;

DPUCCH Format 3a: the data transmission format
information and the power control information and
the HARQ confirmation information and the channel
status report information and the transmission prior-
ity information and the transmission stability indica-
tion information.

[0049] Figure 3 shows an example of content of a
PUCCH from a UE to a UE. The PUCCH as shown in
Figure 3 may be considered as the DPUCCH mentioned
above. It should be noted that, Figure 3 is only exemplary
to enable the present disclosure to be understood easily,
rather than limit the DPUCCH according to the present
disclosure.

[0050] A modulation and resource mapping mode may
be different depending on different transmission formats.
In this case, the modulating unit 213 is controlled by the
control unit 211 for modulating the DPUCCH into OFDM
(Orthogonal Frequency Division Multiplexing) symbols.
[0051] Furthermore, the mapping unit 214 is controlled
by the control unit 211 for mapping the OFDM symbols
onto time slots in subframes. A location of a reference
symbol on the time slots may be disposed by the mapping
unit 214 depending upon a format of the DPUCCH. Var-

10

15

20

25

30

35

40

45

50

55

ious DPUCCH formats may have various locations of the
reference symbol.

[0052] Forexample, the channel status reportinforma-
tion and /or the HARQ confirmation information are trans-
mitted when DPUCCH uses the first DPUCCH format
(that is, the DPUCCH Format 1, DPUCCH Format 1a or
DPUCCH Format 1b above). The channel status report
information may have multiple information bits, which da-
ta block coding and QPSK (Quadrature Phase Shift Key-
ing) modulation is performed on, and then is converted
into OFDM symbols by IFFT (Inverse Fast Fourier Trans-
form) and is mapped.

[0053] Figure 4 shows a flowchart of a modulation and
coding mode when DPUCCH uses the first DPUCCH for-
mat according to an embodiment of the present disclo-
sure. As shown in Figure 4, the modulating unit 213 may
perform a data block coding process S310, a scrambling
process S320, a QPSK process S330 and an IFFT proc-
ess S340 in sequence, the OFDM symbols is obtained
in this way. Here, the data block coding process, the
scrambling process, the QPSK process and the IFFT
process are well-known for those skilled in the art, hence,
which are notdescribedin detailinthe presentdisclosure.
[0054] Figure 5 shows an example of a resource map-
ping mode when DPUCCH uses the first DPUCCH format
according to an embodiment of the present disclosure.
In Figure 5, a box having a grid represents a reference
symbol, and a blank box represents a control symbol.
[0055] As shown in Figure 5, in a case of a normal CP
(Cyclic Prefix) length, seven OFDM symbols of one time
slot includes two reference symbols for channel meas-
urement and five symbols for transmitting control infor-
mation. This allocation mode is to balance accuracy of
the channel measurement and energy of useful informa-
tion, and two symbols are enough to reach a performance
index for the channel measurement.

[0056] Specifically, in an example as shown in Figure
5, one time slot includes two reference symbols. One
time slot includes seven OFDM symbols in a case that
the subframe has a normal CP length. The mapping unit
214 may dispose the two reference symbols at a location
of a third OFDM symbol and a location of a fourth OFDM
symbol respectively in a case thatthe DPUCCH uses the
first DPUCCH format.

[0057] One time slot only includes six OFDM symbols
in a case that an extended CP length is required for the
D2D communication. In this case, the last one OFDM
symbol on each time slot having the normal CP length is
removed by the mapping unit 214, and the symbol
number and the mapping of the reference signals are
unchanged.

[0058] Specifically, one time slot includes two refer-
ence symbols. One time slotincludes six OFDM symbols
in a case that the subframe has the extended CP length.
The mapping unit 214 may dispose two reference sym-
bols at a location of a third OFDM symbol and a location
of a fourth OFDM symbol respectively in a case that the
DPUCCH uses the first DPUCCH format.
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[0059] Furthermore, for example, the data transmis-
sion format information and the power control information
or further at least one of the transmission priority infor-
mation and the transmission stability indication informa-
tion are transmitted in a case that the DPUCCH uses the
second DPUCCH format (that is, the DPUCCH Format
2 or DPUCCH Format 2a above). In this case, OFDM
modulation pre-coded by the DFT (Discrete Fourier
Transform) is performed on data to be transmitted, data
block coding is performed on the data first, and then the
data is modulated by QPSK, frequency-domain averag-
ing is performed on the data by the DFT before OFDM
modulation, and the data is converted into OFDM sym-
bols by the IFFT, and is then mapped.

[0060] Figure 6 shows a flowchart of a modulation and
coding mode when DPUCCH uses the second DPUCCH
format according to another embodiment of the present
disclosure. As shown in Figure 6, the modulating unit 214
may perform a data block coding process S510, a scram-
bling process S520, a QPSK process S530, a DFT proc-
ess S540 and an IFFT process S550 in sequence, OFDM
symbols are obtained in this way. Here, the data block
coding process, the scrambling process, the QPSK proc-
ess, the DFT process and the IFFT process are well-
known for those skilled in the art, hence, which are not
described in detail in the present disclosure.

[0061] Figure 7 shows an example of a resource map-
ping mode when DPUCCH uses the second DPUCCH
format according to an embodiment of the present dis-
closure. In Figure 7, similarly, a box having a grid repre-
sents the reference symbol, and a blank box represents
the control symbol.

[0062] In the example as shown in Figure 7, one time
slot includes two reference symbols. One time slot in-
cludes seven OFDM symbols in a case that the subframe
has a normal CP length. The mapping unit 214 may dis-
pose two reference symbols at a location of a fourth
OFDM symbol and a location of a fifth OFDM symbol
respectively in a case that the DPUCCH uses the second
DPUCCH format.

[0063] Similarly, one time slot only includes six OFDM
symbols in a case that an extended CP length is required
for the D2D communication. In this case, the last one
OFDM symbol on each time slot having the normal CP
length is removed by the mapping unit 214, and the sym-
bol number and the mapping of the reference signals are
unchanged.

[0064] Specifically, one time slot includes two refer-
ence symbols. One time slot includes six OFDM symbols
in a case that the subframe has the extended CP length.
The mapping unit 214 may dispose two reference sym-
bols at a location of a fourth OFDM symbol and a location
of a fifth OFDM symbol respectively in a case that the
DPUCCH uses the second DPUCCH format.

[0065] Furthermore, for example, the data transmis-
sion format information, the power control information,
the channel status report information and the HARQ in-
formation, or further at least one of the transmission pri-
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ority information and the transmission stability indication
information are transmitted in a case that the DPUCCH
uses the third DPUCCH format (that is, the DPUCCH
Format 3 or DPUCCH Format 3a above). In this case,
the channel status report information may have multiple
information bits. The OF DM modulation pre-coded by the
DFT is performed on data to be transmitted, data block
coding is performed on the data first, and then the data
is modulated by QPSK, frequency-domain averaging is
performed on the data by the DFT before OFDM modu-
lation, and the data is converted into OFDM symbols by
the IFFT, and then is mapped. That is, a modulation and
coding mode when DPUCCH uses the third DPUCCH
format may be the same as a modulation and coding
mode when DPUCCH uses the second DPUCCH format.
[0066] Figure 8 shows an example of a resource map-
ping mode when DPUCCH uses the third DPUCCH for-
mat according to an embodiment of the present disclo-
sure. In Figure 8, similarly, a box having a grid represents
the reference symbol, and a blank box represents the
control symbol.

[0067] In an example as shown in Figure 8, one time
slot includes two reference symbols. One time slot in-
cludes seven OFDM symbols in a case that the subframe
has a normal CP length. The mapping unit 214 may dis-
pose two reference symbols at a location of a second
OFDM symbol and a location of a sixth OFDM symbol
respectively in a case that the DPUCCH uses the third
DPUCCH format.

[0068] In addition, One time slot only includes six
OFDM symbols in a case that an extended CP length is
required for the D2D communication. In this case, an
OFDM symbol in the middle of the time slot having the
normal CP length is removed by the mapping unit 214,
and the symbol number and the mapping of the reference
signals are unchanged.

[0069] Specifically, one time slot includes two refer-
ence symbols. One time slotincludes six OFDM symbols
in a case that the subframe has the extended CP length.
The mapping unit 214 may dispose two reference sym-
bols at a location of a second OFDM symbol and a loca-
tion of a fifth OFDM symbol respectively in a case that
the DPUCCH uses the third DPUCCH format.

[0070] Itshould be indicated that, the content transmit-
ted by the DPUCCH and the format classification of the
DPUCCH described above is different from a way con-
sidered in designing a PUCCH of a conventional user-
to-base-station, the differences are described as follows.
[0071] First, in the conventional design for the uplink
control signaling, the base station completely controls
actions of the terminal, and has known which mode (a
modulation and demodulation mode, the size of a trans-
mission block) the uplink data is transmitted in before the
data is transmitted, hence, the uplink control signaling
does not need to carry related transmission information.
However, in D2D peer-to-peer communication, the infor-
mation must be agreed upon between communication
equipments. The transmission priority information may
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be added considering that the D2D communication may
be applied into a public security situation and may have
a cluster head structure. Also, since the D2D has a fea-
ture of instant messaging, stability information may be
added to raise flexibility of resource scheduling.

[0072] Second, formats of control signaling of the con-
ventional user-to-base-station are mainly classified
based on types of the transmitted control information. In
the present disclosure, various scenarios of D2D com-
munication should also be considered when classifying
the formats of DPUCCH. The data may be transmitted
in a broadcasting mode under a public security scenario.
In the broadcasting mode, the HARQ information and the
channel status information are not the control information
transmitted necessarily (it can be considered that the
control information transmitted in the broadcasting mode
is a subset of control information in the point-to-point
communication mode). In this case, the Format 2 or the
Format 2a is suitable. In the point-to-point D2D commu-
nication, it is beneficial to improve the communication
performance in a case that the HARQ information and
the channel status information are added. Hence, the
Format 1, the Format 1a and the Format 1b are suitable
to only transmit the control-type information such as the
HARQ information and the channel status information,
and the Format 3 and the Format 3a are suitable to trans-
mit control information for the subsequent data informa-
tion, and for joint transmission for the HARQ information
and the channel status information with the control infor-
mation for the subsequent data information.

[0073] Third, when the OFDM symbols are mapped,
since a DPUCCH format can be determined based on
the location of the reference signals of the received sub-
frame, thereby avoiding blind detection.

[0074] D2D communication in various scenarios uses
a uniform format of the control signaling by the above
design, thereby reducing difficulty of the implementation.
[0075] It should be described that, resource mapping
modes as shown in Figure 5, Figure 7 and Figure 8 are
merely examples, the present disclosure is not limited to
these specific resource mapping modes. The reference
symbols may also be disposed at other locations on the
time slot, so long as the DPUCCH formats can be distin-
guished.

[0076] A case that the transmitting unit of the UE di-
rectly transmits the control information to another UE us-
ing the DPUCCH is described above. Alternatively, the
transmitting unit may also transmit the control information
to another UE using a PUSCH. In this case, the base
station also does not participate in transmission for the
control information between D2D equipments.

[0077] Figure 9 shows a structure of a UE 220 accord-
ing to another embodiment of the present disclosure. As
shown in Figure 9, the UE 220 may include a control unit
221, a transmitting unit 222, a modulating unit 223 and
a multiplexing unit 225. The UE 220 may further include
a mapping unit 224. The transmitting unit 222 as shown
in Figure 9 corresponds to the transmitting unit 212 as
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shown in Figure 2. However, the transmitting unit 222
herein transmits control information and data information
simultaneously.

[0078] Furthermore, the modulating unit 223 is control-
led by the control unit 221 for modulating data transmis-
sion format information and power control information.
[0079] Thus, the multiplexing unit 225 is controlled by
the control unit 221 for causing the data transmission
format information and the power control information
modulated by the modulating unit 223 to participate in
multiplexing with the data information.

[0080] Preferably, the modulating unit 223 may further
modulate at least one of transmission priority information
and transmission stability indication information. In addi-
tion, the control unit 221 may cause the at least one of
the transmission priority information and the transmis-
sion stability indication information modulated by the
modulating unit 223 to incorporate into a bit stream mul-
tiplexed by the multiplexing unit 225 in a slotting manner.
[0081] It should be emphasized that, control informa-
tion on a Scheduling Request is not necessary to be
transmitted in a case that control information and data
information of the conventional user-to-base-station are
transmitted simultaneously. This is because that, a mode
in which the control information and the data information
are transmitted simultaneously occurs on the premise
that respective physical resource has been allocated.
The D2D communication may occur without being cov-
ered by a base station, in this case, it is necessary to
notify an opposite equipment of physical resource dy-
namically allocated to the opposite party to transmit.
Hence, related information on the data transmission for-
mat is transmitted.

[0082] Figure 10 shows a flowchart of a modulation
and coding mode in a case that control information and
data information are transmitted simultaneously accord-
ing to an embodiment of the present disclosure.

[0083] AsshowninFigure 10, a Turbo coding process,
arate matching process and a QPSK/16/64QAM (Quad-
rature Amplitude Modulation) process are performed on
the data information in sequence.

[0084] A convolution coding process, the rate match-
ing process and the QPSK/16/64 QAM process are per-
formed for CQIl (Channel Quality Indication) and PMI
(Precoding Matrix Indicator) information in sequence.
[0085] The Turbo coding process, the rate matching
process and a QPSK process are performed for the data
transmission format information in sequence.

[0086] The convolution coding process, the rate
matching process and the QPSK/16/64 QAM process
are performed for the power control information in se-
quence.

[0087] A data block coding process, the rate matching
process and the QPSK process are performed for RI
(rank indication) information in sequence.

[0088] The data block coding process and the QPSK
process are performed for the transmission priority infor-
mation and the transmission stability indication informa-
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tion in sequence.

[0089] Thedatacodingprocessandthe QPSK process
are also performed for the HARQ confirmation informa-
tion in sequence.

[0090] Specifically, the modulating unit 223 may mod-
ulate the data transmission format information by per-
forming the Turbo coding process, the rate matching
process and the QPSK process in sequence. The multi-
plexing unit 225 may cause the data transmission format
information modulated by the modulating unit 223 to par-
ticipate in multiplexing with the data information.

[0091] Furthermore, the modulating unit 223 may fur-
ther modulate the power control information by perform-
ing the convolution coding process, the rate matching
process and the QPSK/16/64 QAM process in sequence.
The multiplexing unit 225 may further cause the power
control information modulated by the modulating unit 223
to participate in multiplexing with the data information.
[0092] In addition to the data transmission format in-
formation, the power control information and the data in-
formation, the CQl information, the PMI information and
the RI information may also participate in multiplexing.
[0093] In addition, the modulating unit 223 may further
module at least one of the transmission priority informa-
tion and the transmission stability indication information
by performing the data block coding process and the
QPSK process in sequence. The control unit 221 may
cause the at least one of the transmission priority infor-
mation and the transmission stability indication informa-
tion modulated by the modulating unit 223 to incorporate
into a bit stream multiplexed by the multiplexing unit 225
in a slotting manner.

[0094] Furthermore, the HARQ confirmation informa-
tion may also be added to the multiplexed bit stream in
a slotting manner.

[0095] The DFT process and the IFFT process are per-
formed on the multiplexed bit stream in sequence to ob-
tain OFDM symbols.

[0096] The Turbo coding process, the rate matching
process and the QPSK/16/64 QAM process described
above are well-known for those skilled in the art, which
are not described in detail in the present disclosure.
[0097] Itshould be described that, since the data trans-
mission format information is important, QPSK modula-
tion having agood robustness is used. QPSK coding may
also be used for the transmission priority indication infor-
mation and the transmission stability indication informa-
tion to ensure performance. A power control command
(the power control information) may use a same modu-
lation mode as the data information.

[0098] In addition, the transmission priority indication
information and the transmission stability indication in-
formation are control information which is optional based
on the priority and the stability of data to be transmitted,
and the opposite equipment does not know whether the
two bits are transmitted. A data rate of the transmitting
terminal does not match with a data rate of the receiving
terminal in a case that the two indication information par-
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ticipate in rate matching with other data. Hence, process-
ing for the two indication information is the same as the
processing for the HARQ confirmation information, that
is, the two indication information incorporate into a bit
stream coded by other information in a slotting manner.
[0099] According to an embodiment of the present dis-
closure, the mapping unit 224 is controlled by the control
unit 221 for mapping the control information onto sub-
frames. Herein, the mapping unit 224 may dispose the
data transmission format information at a location close
to that of reference symbols.

[0100] Figure 11 shows a resource mapping mode in
a case that control information and data information are
transmitted simultaneously according to an embodiment
of the present disclosure. As shown in Figure 11, a hor-
izontal axis represents a subframe of 1 ms, a vertical axis
represents a DFTS-OFDM (Discrete Fourier Transform
Spread OFDM) symbol. A box labeled as a number "1"
represents a reference signal, a box labeled as a number
"2" represents the data transmission format information,
abox labeled as a number "3" represents the HARQ con-
firmation information, a box labeled as a number "4" rep-
resents the power control information, a box labeled as
anumber "5" represents the Rl information, a box labeled
as a number "6" represents the transmission priority in-
formation and the transmission stability indication infor-
mation, a box labeled as a number "7" represents the
CQlinformation and PMI information, and the rest of box-
es is user data. A general design principle is to dispose
important information such as the HARQ confirmation
information, the Rl information and the data transmission
format information to be close to the reference symbols
to ensure the accuracy of demodulation.

[0101] Inaddition, in broadcasting communication, on-
ly the HARQ information and the channel status informa-
tion are removed, and a modulation and coding mode
and a resource mapping mode for other information may
be unchanged.

[0102] An example in which the D2D communication
is controlled by a UE is described above, for example,
wherein the base station does not participate in the D2D
communication between UEs. In a case that at least one
of the UEs (a UE directly participating in the D2D com-
munication or a cluster head for providing control for D2D
communication performed between other UEs) related
to the D2D communication is located within a coverage
area of the base station, specifically, for example, in a
case that the UEs for the D2D communication are all
located within the coverage area of the base station (as
shown by the curve a in Figure 1), the base station may
also participate in the D2D communication between the
UEs.

[0103] According to an embodiment of the present dis-
closure, the wireless communication system may further
include a base station, and the transmitting unit of the
UE may transmit a D2D SR (Scheduling Request) to the
base station using a PUCCH.

[0104] A resource for communication between termi-
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nals may be allocated by the base station in a semi-static
way or in a dynamic way, and an allocation way may also
be based on a cell or a terminal. In a case that the allo-
cation way is based on the cell or is a semi-static way,
all terminals which support the D2D communication are
notified of the allocated resource by high-layer signaling
before communication. In this case, the resource alloca-
tion is performed without assistance from control signal-
ing in the physical layer. Apparently, the resource allo-
cation mentioned above has noflexibility, so that the base
station does not effectively use the resource based on
real-time resource usage and interference scenario.
However, in a case that resource allocation scheme is
changed frequently by the high-layer signaling in order
to improve the flexibility of resource usage, aload of RRC
(Radio Resource Control) signaling may be increased.
Therefore, a dynamic resource allocation way based on
the terminal has apparent advantage. In order to support
such resource allocation way, enhancement for the ex-
isting PUCCH is not complicated. The future network
needs to support concurrent communication of user-to-
base-station communication and user-to-user communi-
cation. In order to implement the concurrent communi-
cation of the two communication modes, resources there-
of should be allocated simultaneously, and mutual inter-
ference should be avoided in a process of allocating the
resources. Hence, bit information is added, which is re-
ferred to as a D2D Scheduling Request (D2D SR) to iden-
tify whether a D2D communication resource is required
to be allocated. Next, it is required to determine which
PUCCH format the bit information is added to.

[0105] In the existing standard, the PUCCH may have
at least one of the following formats:

afirst PUCCH format for transmitting the HARQ con-
firmation information or the SR;

a second PUCCH format for transmitting the channel
status information; and

a third DPUCCH format for transmitting the HARQ
confirmation information, the SR, or the channel sta-
tus information.

[0106] It should be described that, the first PUCCH for-
mat is used for transmitting the HARQ confirmation in-
formation or the Scheduling Request, but the Scheduling
Request is implemented by energy detection and is not
suitable to be a carrier for loading the D2D SR.

[0107] The second PUCCH is mainly used for trans-
mitting the channel status information, hence, in order to
raise backward compatibility, the second PUCCH is not
suitable to load the D2D SR, either.

[0108] The third PUCCH formatis used for transmitting
the HARQ confirmation information, the Scheduling Re-
quest and the channel status information. Data transmis-
sion amount will not be increased apparently even if bit
ofthe D2D SR is added, since multi-bits transmission are

10

15

20

25

30

35

40

45

50

55

1"

supported by the third PUCCH format for carrier aggre-
gation. Hence, it is preferable in the present disclosure
thatthe bit ofthe D2D SR is added using the third PUCCH
format, to transmit a resource allocation request for per-
forming the D2D communication to the base station. The
subsequent processes such as a coding process, a
scrambling process, a modulation process is the same
as the existing standard, which is not described repeat-
edly. However, the above discussion is a preferred so-
lution set forth based on the conventional technology,
which is not intended to limit the present disclosure. It
should be understood that, with the development of tech-
nology, other PUCCH formats may occur or the existing
three PUCCH formats are changed. Based on the con-
ception of the present disclosure, the bit of the D2D SR
may also be added to other PUCCH formats, thereby
realizing a technical effect indicating that a communica-
tion resource requested to the base station is used for
the D2D communication.

[0109] As described above, for example, the control
unit of the UE may represent the D2D SR by adding the
bit to the third PUCCH format. Specifically, the control
unit of the UE may represent the D2D SR by adding one
bit to the third DPUCCH format. In this case, the bit indi-
cates that a resource requested to be allocate is a re-
source for the D2D. The number of equipments partici-
pating in the D2D communication may be one or more
since an equipment, such as an opposite equipment, par-
ticipating in the D2D communication is not indicated
clearly. Accordingly, resource allocated by the base sta-
tion may be a resource pool from which the UE may se-
lect. It should be noted that, an UE which transmits the
D2D SR to the base station may be a party which directly
participates in the D2D communication, or a UE only pro-
vides controlfor D2D communication performed between
other UEs, such as a cluster head. In the latter case, the
UE such as the cluster head allocates a resource to the
corresponding UE via the DPUCCH described above af-
ter acquiring the D2D resource allocated by the base
station.

[0110] Alternatively, the control unit may also repre-
sent the D2D SR by redefining a bit representing the SR
in the third PUCCH format. Alternatively, the control unit
may also represent the D2D SR by redefining a bit rep-
resenting the SR in the first PUCCH format and adding
modulation and demodulation for the PUCCH having the
first PUCCH format. In this case, for example, a Sched-
uling Request is used for the D2D in a case that the bit
is 1; a Scheduling Request is used for device-to-base-
station in a case that the bit is 0; and there is no Sched-
uling Request in a case that the bit does not exist. In
addition, the transmitting unit needs to transmit the
PUCCH twice in a case that the Scheduling Request for
the D2D and the Scheduling Request for the device-to-
base-station exist simultaneously.

[0111] In addition, the control unit of the UE may rep-
resent another UE which participates in the D2D trans-
mission by further adding an RNTI (Radio Network Tem-
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porary Identifier) to the PUCCH.

[0112] Specifically, forexample, a RNTI identifier of 16
bits may be added into the third PUCCH format, to specify
a D2D opposite equipment with which it is hoped to com-
municate. The specification may be used to specify
unique D2D equipment with which it is hoped to commu-
nicate. A standard for selecting the D2D equipment may
be information such as user preference, a distance, data
information stored by the opposite equipment or terminal
energy consumption. The information is especially appli-
cable to specify the opposite equipment in a case that a
range of the D2D communication is limited or in a case
that communication is performed with the cluster head
(if any) in D2D communication. Also, after receiving the
information, the base station associates an identifier of
uplink scheduling grant for the PDCCH (Physical Down-
link Control Channel) with the received RNTI information,
to indicate a receiving terminal for the uplink scheduling
grant.

[0113] Figure 12 shows an example of content of a
PUCCH from a UE to a BS (base station) and content of
a corresponding PDCCH. As shown in Figure 12, "a bit
for indicating UE-UE or UE-BS" in the PDCCH may cor-
respond to "a bit for indicating UE-UE or UE-BS" in a
Scheduling Request in the PUCCH, and an identifier "in-
dicated implicitly by using CRC (Cyclic Redundancy
Check)" in UL-Grant in the PDCCH may include "a bit for
indicating an RNTI of an opposite UE " in a Scheduling
Request in the PUCCH.

[0114] It should be described that, an identifier of the
uplink scheduling grant is not necessarily transmitted to
a terminal by the base station explicitly, or may be includ-
ed in CRC calculation implicitly. In a case that a terminal
with which it is hoped to communicate is specified in the
Scheduling Request, the base station may transmit the
uplink transmission grant to a corresponding specified
communication terminal in addition to transmitting the
uplink scheduling grant to a terminal transmitting a re-
quest, identifiers in the grants are all associated with the
RNTI of the receiving terminal by CRC implicitly.

[0115] Accordingtothe embodimentofthe presentdis-
closure, the CRC may be scrambled by the RNTI of the
UE on the receiving end. For example, it is provided that
a first user equipment UE1 wants to perform D2D com-
munication with a second user equipment UE2 and trans-
mits an SR to the base station. In this case, the base
station transmits an uplink scheduling grant to the UE1
after using the RNTI of the UE1 to scramble the CRC,
and the base station transmits an uplink scheduling grant
to the UE2 after using the RNTI of the UE2 to scramble
the CRC.

[0116] Furthermore, according to the embodiment of
the presentdisclosure, two RNTIs may be used to scram-
ble. For example, it is provided that the UE1 wants to
perform D2D communication with multiple user equip-
ments UEi+1 (i=1, 2, 3......) and transmits an SR (the SR
indicates a list of a single UE or multiple UEs, which is
an SR list) to the base station. In this case, the base
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station transmits an uplink grant to the UE1 after using
an RNTI ofthe UE1 and an RNTI ofthe UEi+1 to scramble
the CRC, and the base station transmits an uplink sched-
uling grant to the UEi+1 after using the RNTI of the UE1
and the RNTI of the UEi+1 to scramble the CRC.
[0117] Itis providedthatthe UEi+1 hasrecorded RNTIs
(a potential RNTI list) of all the UEs which want to perform
D2D communication by a D2D discovering signal. In this
case, when the uplink scheduling grant is received by
the UE1, the UE1 may try every possible combination of
a RNTI in the SR list and a RNTI of UE1 until the CRC
is descrambled successfully. Meanwhile, when the uplink
scheduling grant is received by the UEi+1, the UEi+1
may try every possible combination of a RNTI of any UE
in the potential RNTI list and a RNTI of the UEi+1 until
the CRC is descrambled successfully.

[0118] Inaddition, the control unit of the UE may further
represent an opposite equipment participating in the D2D
by adding other information such as a bit pattern to the
PUCCH.

[0119] Specifically, in a case that the base station and
the UE agree upon the RNTI, an object which is applied
for using the D2D resource may be indicated by informa-
tion which occupies less resource than the RNTI. For
example, the bit patternis used, in which, a bit 1 indicates
that an opposite equipment associated with the bit is ap-
plied for the D2D resource, and a bit 0 indicates that an
opposite equipment associated with the bit does not ap-
ply for the D2D resource. For example, it is provided that
the UE hopes to perform D2D communication with two
opposite equipments. In this case, there are three user
equipments a, b and ¢ which support the D2D commu-
nication in the communication network. In this case, an
SRbitand a bit pattern 011 transmitted by the UE indicate
that two opposite equipments b and ¢ are applied for the
D2D communication resource.

[0120] As described above, the D2D SR is especially
suitable for a dynamic resource scheduling mode. It can
be extended that, a bit of the D2D SR may also be used
for a semi-static scheduling mode. In the semi-static
scheduling mode, the base station generally changes the
resource configuration by RRC signaling actively in a
case that the resource configuration mode is required to
be changed. After the D2D SR is added, the terminal may
evaluate communication quality based on usage of the
configured resource, and the terminal actively notifies
the base station of reconfiguring the semi-static resource
by the D2D SR in a case that the communication quality
does not meet a requirement. Thus, the flexibility and the
performance of the semi-static scheduling mode are en-
hanced. Meanwhile, the D2D SR may also be extended
into a user-to-cluster-head structure.

[0121] Figure 13 shows a structure of a base station
100 according to an embodiment of the present disclo-
sure. As shown in Figure 13, the base station 100 may
include a control unit 101, a receiving unit 102 and a
transmitting unit 103.

[0122] The receiving unit 102 is controlled by the con-
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trol unit 101 for receiving a signal from at least one of a
first UE and a second UE (such as the UE 200 and the
UE 300 in Figure 1).

[0123] The transmitting unit 103 is controlled by the
control unit 101 for transmitting uplink scheduling grant
information to the first UE using a PDCCH when the re-
ceiving unit 102 receives a D2D SR for performing D2D
communication between the first UE and the second UE,
for example, from the first UE. Herein, the control unit
101 makes a representation of whether a resource is
allocated for D2D or device-to-base-station by adding a
bit (such as one bit) to the uplink scheduling grant infor-
mation. For example, the uplink scheduling grant infor-
mation may have a same or similar format as DCI (Down-
link Control Information) format 0, DCI format 4 in the
3GPP standard, which may be collectively referred to as
UL Grant information.

[0124] Specifically, afterthe D2D SR is received by the
receiving unit 102 of the base station 100, the base sta-
tion 100 allocates a subsequent transmission resource
based on current resource usage, resource configuration
of a requesting terminal and resource configuration of
peripheral equipments, the allocated resource is indicat-
ed by the uplink scheduling grant on the downlink PDCCH
of the base station. One bit identifier (D2D Flag) is added
in the uplink scheduling grant to identify whether the re-
source is used for user-to-base-station communication
or user-to-user communication.

[0125] Accordingtothe embodimentofthe presentdis-
closure, the control unit 101 may indicate a second UE
participating in the D2D transmission by associating an
identifier of the uplink scheduling grant information with
an RNTI in a case that a PUCCH signal transmitted by
the first UE includes the RNTI.

[0126] Figure 14 shows a structure of an UE 300 ac-
cording still another embodiment of the present disclo-
sure. As shown in Figure 14, the UE 300 includes a con-
trol unit 301 and a receiving unit 302.

[0127] The receiving unit 302 is controlled by the con-
trol unit 301 for receiving control information transmitted
by another UE. Herein, the control information may in-
clude at least one of data transmission formatinformation
and power control information.

[0128] The control unit 301 may perform data trans-
mission format setting based on the data transmission
format information in the control information received by
the receiving unit 302. For example, the control unit 301
may perform resource block allocation for PUSCH trans-
mission based on transmission block allocation in the
data transmission format information. The control unit
301 may determine a modulation and coding format
based on an MCS in the data transmission format infor-
mation. The control unit 301 may determine whether data
is new data or retransmission data based on new data
indication in the data transmission format information.
The control unit 301 may calculate a frequency hopping
mapping from a virtual resource block onto a physical
resource block based on a cell ID and a cell bandwidth
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in the data transmission format information.

[0129] Furthermore, the control unit 301 may perform
power control setting based on the power control infor-
mation in control information received by the receiving
unit 302. Specifically, the control unit 301 may determine
a power control mode of the user equipment 300 based
on power control command indication in the power con-
trol information.

[0130] Data information to be transmitted by the UE
300 is sent to a corresponding opposite equipment of the
D2D communication after being processed by the control
unit 301 described above.

[0131] According to an embodiment of the present dis-
closure, the control unit 301 may determine a format of
PUCCH (that is DPUCCH) for transmitting the control
information based on information on a location of a ref-
erence symbol on each time slot.

[0132] Taking Figure 5, Figure 7 and Figure 8 de-
scribed above as an example, in a case of a normal CP
length, two reference symbols are disposed at a location
of the third OFDM symbol and a location of the fourth
OFDM symbol respectively (as shown in Figure 5) in a
case that the DPUCCH uses the first DPUCCH format;
two reference symbols are disposed at a location of the
fourth OFDM symbol and a location of the fifth OFDM
symbol respectively (as shown in Figure 7) in a case that
the DPUCCH uses the second DPUCCH format; and two
reference symbols are disposed at a location of the sec-
ond OFDM symbol and a location of the sixth OFDM sym-
bol respectively (as shown in Figure 8) in a case that the
DPUCCH uses the third DPUCCH format.

[0133] Thus, in a case of a normal CP length, the con-
trol unit 301 determines the first DPUCCH format is used
in a case of finding that two reference symbols are dis-
posed at the location of the third OFDM symbol and the
location of the fourth OF DM symbol respectively; the con-
trol unit 301 determines that the second DPUCCH format
is used in a case of finding that two reference symbols
are disposed at the location of the fourth OFDM symbol
and the location the fifth OFDM symbol respectively; or
the control unit 301 determines that the third DPUCCH
format is used in a case of finding that two reference
symbols are disposed at the location the second OFDM
symbol and the location of the sixth OFDM symbol re-
spectively.

[0134] Furthermore, in a case of the extended CP
length, two reference symbols are disposed at a location
of the third OFDM symbol and a location of the fourth
OFDM symbol respectively in a case that the DPUCCH
uses the first DPUCCH format; two reference symbols
are disposed at a location of the fourth OFDM symbol
and a location of the fifth OFDM symbol respectively in
a case that the DPUCCH uses the second DPUCCH for-
mat; and two reference symbols are disposed at a loca-
tion of the second OFDM symbol and a location of the
fifth OFDM symbol respectively in a case that the
DPUCCH uses the third DPUCCH format.

[0135] Thus, in a case of the extended CP length, the
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control unit 301 determines that the first DPUCCH format
is used in a case of finding that two reference symbols
are disposed at the location of the third OFDM symbol
and the location of the fourth OFDM symbol respectively;
the control unit 301 determines that the second DPUCCH
format is used in a case of finding that two reference
symbols are disposed at the location of the fourth OFDM
symbol and the location of the fifth OFDM symbol respec-
tively; and the control unit 301 determines that the third
DPUCCH format is used in a case of finding that two
reference symbols are disposed at the location of the
second OFDM symbol and the location of the fith OFDM
symbol respectively.

[0136] Asmentioned above, resource mapping modes
as shown in Figure 5, Figure 7 and Figure 8 are merely
examples, the present disclosure is not limited to there
specific resource mapping modes. The reference sym-
bols may also be disposed at other location on the time
slot so long as the DPUCCH formats can be distin-
guished. In any case, the control unit 301 can determine
a format of the PUCCH for transmitting the control infor-
mation based on information on a location of the refer-
ence symbols on each time slot once the resource map-
ping mode is determined.

[0137] A method for performing D2D communication
in a wireless communication system is described next.
The wireless communication system at least includes a
first UE and a second UE. The method may include:
transmitting, by the first UE, control information to the
second UE via an uplink channel, wherein the control
information includes at least one of data transmission
format information and power control information.
[0138] Preferably, the control information may further
include at least one of channel status report information,
HARQ confirmation information, transmission priority in-
formation and transmission stability indication informa-
tion.

[0139] Preferably, the first UE may transmit the control
information to the second UE using a DPUCCH.

[0140] Preferably,the DPUCCH may have atleastone
of the following formats:

a first DPUCCH format for transmitting at least one
of the channel status report information and the
HARQ confirmation information;

a second DPUCCH format for transmitting the data
transmission format information and the power con-
trol information, or for transmitting the data transmis-
sion format information and the power control infor-
mation, and at least one of the transmission priority
information and the transmission stability indication
information; and

a third DPUCCH format for transmitting the data
transmission format information, the power control
information, the channel status report information
and the HARQ confirmation information, or for trans-
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mitting the data transmission format information, the
power control information, the channel status report
information and the HARQ confirmation information,
and at least one of the transmission priority informa-
tion and the transmission stability indication informa-
tion.

[0141] Preferably, the method may further include
modulating the DPUCCH into OFDM symbols, the OFDM
symbols are mapped on time slots in a subframe, and a
locations of reference symbols on the time slot are dis-
posed depending on a format of the DPUCCH, wherein
various DPUCCH formats have various locations of the
reference symbols.

[0142] Preferably, the first UE may transmit the control
information to the second UE using a PUSCH.

[0143] Preferably, the data transmission format infor-
mation and the power control information may be mod-
ulated, and the modulated data transmission format in-
formation is caused to participate in multiplexing with da-
ta information.

[0144] Preferably, at least one of the transmission pri-
ority information and the transmission stability indication
information may be modulated, and at least one of the
modulated transmission priority information and the mod-
ulated transmission stability indication information is
caused to incorporate into a multiplexed bit stream in a
slotting manner.

[0145] Preferably, the data transmission format infor-
mation may be disposed at a location which is close to
that of a reference symbol in a case that the control in-
formation is mapped onto a subframe.

[0146] Preferably, the wireless communication system
may further include a base station, and the first UE may
transmit a D2D SR to the base station with a PUCCH.
[0147] Preferably, the PUCCH may have at least one
of the following formats:

a first PUCCH format for transmitting HARQ confir-
mation information or SR;

a second PUCCH format for transmitting channel
status information; and

a third PUCCH format for transmitting the HARQ
confirmation information, the SR, and the channel
status information.

[0148] Specifically, the D2D SR is represented by add-
ing a bit to the third PUCCH format, or the D2D SR is
represented by redefining a bit representing the SR in
the third PUCCH format, alternatively, the D2D SR is
represented by redefining a bit representing the SR in
the first PUCCH format and adding modulation and de-
modulation for the PUCCH with the first PUCCH format.
[0149] Preferably, the base station transmits uplink
scheduling grantinformation to the first UE witha PDCCH
when receiving the D2D SR, specifically, the base station
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makes a representation of whether a resource is allocat-
ed for the D2D or device-to-base-station by adding a bit
to the uplink scheduling grant information.

[0150] Preferably,an UE participatinginthe D2D trans-
mission may be represented by adding an RNTI to the
PUCCH.

[0151] Preferably, the base station may transmit uplink
scheduling grant information to the first UE with the PD-
CCH whenreceiving the D2D SR, where the base station
makes a representation of whether the resource is allo-
cated for the D2D or device-to-base-station by adding a
bit to the uplink scheduling grant information, and the
base station indicates an UE participating in the D2D
transmission by associating an identifier of the uplink
scheduling grant information with the RNTI.

[0152] Various embodiments of the steps described
above of the method for performing the D2D communi-
cation in the wireless communication system according
to the embodiments of the present disclosure are de-
scribed in detail above, which are not described repeat-
edly here.

[0153] An electronic device including a processing cir-
cuit may further be provided according to the embodi-
ments of the present disclosure. The processing circuit
is configured to control control information transmitted
via an uplink channel, and the control information in-
cludes at least one of data transmission format informa-
tion and power control information.

[0154] An electronic device including a processing cir-
cuit may further be provided according to the embodi-
ments of the present disclosure. The processing circuit
is configured to control uplink scheduling grant informa-
tion transmitted with a PDCCH, it is indicated whether a
resource is allocated for device-to-device or device-to-
base-station by adding a bit to the uplink scheduling grant
information.

[0155] An electronic device including a processing cir-
cuit may further be provided according to the embodi-
ments of the present disclosure. The processing circuit
is configured to control receiving for control information
transmitted by a user equipment, specifically the control
information includes at least one of data transmission
format information and power control information.
[0156] An electronic device at a base station side ap-
plicable to a wireless communication system including a
first user equipment, a second user equipment and the
base station may further be provided according to the
embodiments of the present disclosure, the electronic
device includes: a processing circuit configured to gen-
erate uplink scheduling grant information for D2D com-
munication to be performed between the first user equip-
ment and the second user equipment based on a D2D
Scheduling Request SR for the D2D communication from
the first user equipment; and map the uplink scheduling
grantinformation onto a Physical Downlink Control Chan-
nel PDCCH to indicate a resource for the first user equip-
ment to perform the D2D communication.

[0157] Preferably,the processing circuitmay be further
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configured to associate the uplink scheduling grant infor-
mation with an RNTI of the first user equipment and an
RNTI of the second user equipment, to indicate that the
uplink scheduling grant information is used for the D2D
communication to be performed between the first user
equipment and the second user equipment.

[0158] Preferably, the processing circuit may be con-
figured to scramble a Cyclic Redundancy Check CRC of
the uplink scheduling grantinformation by using the RNTI
of the first user equipment and the RNTI of the second
user equipment, to perform the association.

[0159] Preferably, the processing circuit may be further
configured to determine transmission resource allocation
based on current resource usage and resource configu-
ration for the first user equipment, to generate the uplink
scheduling grantinformation for the D2D communication.
[0160] Preferably, the resource for the D2D communi-
cation may include a resource in a resource pool.
[0161] Preferably, the electronic device may be a base
station, and the electronic device may further include a
transmitting unit configured to receive the D2D Schedul-
ing Request SR, and transmit the uplink scheduling grant
information to the first user equipment by the Physical
Downlink Control Channel PDCCH.

[0162] An electronic device at a user equipment side
applicable to a wireless communication system including
the user equipment, another user equipment and a base
station may further be provided according to the embod-
iments of the present disclosure, the electronic device
includes: a processing circuit configured to generate a
D2D Scheduling Request SR for requesting performing
D2D communication between the user equipment and
the another user equipment to the base station; and map
the D2D Scheduling Request SR onto a Physical Uplink
Control Channel PUCCH, to indicate resource for the
D2D communication requested by the user equipment.
[0163] Preferably, the processing circuit may be further
configured to acquire a Physical Downlink Control Chan-
nel PDCCH from the base station; and descramble a Cy-
clic Redundancy Check CRC of uplink scheduling grant
information carried on the Physical Downlink Control
Channel PDCCH, and determine the uplink scheduling
grant information for the D2D communication to be per-
formed between the user equipmentand the another user
equipment to acquire resource for the D2D communica-
tion.

[0164] Preferably, the processing circuit may further
be configured to descramble the Cyclic Redundancy
Check CRC by using an RNTI of the user equipment and
an RNTI of the another user equipment.

[0165] Preferably, the resource for the D2D communi-
cation may include a resource in a resource pool.
[0166] Preferably, the electronic device may be the us-
er equipment, the electronic device may further include
atransmitting unit configured to transmit the D2D Sched-
uling Request SR to the base station by the Physical
Uplink Control Channel PUCCH.

[0167] It should know that, the electronic device de-
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scribed above may further perform other technical solu-
tions according to the present disclosure as described
above, which are notdescribed here any more for brevity.
[0168] Apparently, respective operating processes of
the method for performing D2D communication in a wire-
less communication system according to the present dis-
closure can be implemented in a manner of a computer
executable program stored on a machine-readable stor-
age medium.

[0169] And, the object of the present disclosure can be
implemented in a manner that the storage medium on
which the computer executable program above is carried
is provided directly or indirectly to a system or apparatus,
a computer or a Central Processing Unit (CPU) of which
reads out and executes the computer executable pro-
gram. Here, the implementation of the present disclosure
is not limited to a program as long as the system or ap-
paratus has a function to execute the program, and the
program can be in arbitrary forms such as an objective
program, a program executed by an interpreter, a script
program provided to an operating system, etc.

[0170] The machine-readable storage medium men-
tioned above includes, butis not limited to, various mem-
ories and storage devices, a semiconductor device, a
disk unit such as an optic disk, a magnetic disk and a
magneto-optic disk, and other medium suitable for stor-
ing information.

[0171] Additionally, the present disclosure can also be
implemented by connecting to a corresponding web site
on the Internet through a computer, downloading and
installing the computer executable program according to
the present disclosure into the computer, and then exe-
cuting the program.

[0172] Figure 15 is a block diagram illustrating an ex-
emplary structure of a general-purpose personal compu-
ter on which the method for performing D2D communi-
cation in a wireless communication system according to
the embodiments of the present disclosure can be im-
plemented.

[0173] As shown in Figure 15, a CPU 1301 executes
various processing according to a program stored in a
Read Only Memory (ROM) 1302 or a program loaded to
a Random Access Memory (RAM) 1303 from a storage
device 1308. In the RAM 1303, if necessary, data re-
quired for the CPU 1301 in executing various processing
and the like is also stored. The CPU 1301, the ROM 1302
and the RAM 1303 are connected to each other via a bus
1304. An input/output interface 1305 is also connected
to the bus 1304.

[0174] The following components are connected to the
input/output interface 1305: an input device 1306 includ-
ing a keyboard, a mouse and the like, an output device
1307 including a display such as a Cathode Ray Tube
(CRT) and a Liquid Crystal Display (LCD), a speaker and
the like, the storage device 1308 including a hard disk
and the like, and a communication device 1309 including
a network interface card such as a LAN card, a modem
and the like. The communication device 1309 performs

10

15

20

25

30

35

40

45

50

55

16

communication processing via a network such as the In-
ternet. If necessary, a drive 1310 may also be connected
to the input/output interface 1305. A removable medium
1311 such as amagnetic disk, an optical disk, a magneto-
optical disk, a semiconductor memory and the like is
mounted on the drive 1310 as necessary such that a
computer program read out therefrom is installed in the
storage device 1308.

[0175] Ifthe series of processing aboveisimplemented
in software, a program constituting the software is in-
stalled from the network such as the Internet or the stor-
age medium such as the removable medium 1311.
[0176] It is understood by those skilled in the art that
the storage medium is not limited to the removable me-
dium 1311 shown in Figure 15 in which the program is
stored and which is distributed separately from the device
so as to provide the program to the user. Examples of
the removable medium 1311 include a magnetic disk in-
cluding a Floppy Disk (registered trademark), an optical
disk including a Compact Disk Read Only Memory (CD-
ROM) and a Digital Versatile Disc (DVD), a magneto-
optical disk including a MiniDisc (MD) (registered trade-
mark), and a semiconductor memory. Alternatively, the
storage medium may be the ROM 1302, the hard disk
contained in the storage device 1308 or the like. Herein,
the program is stored in the storage medium, and the
storage medium is distributed to the user together with
the device containing the storage medium.

[0177] As described above, physical layer control sig-
naling for supporting D2D communication is designed in
the present disclosure, physical layer channels are re-
spectively designed based on whether control informa-
tion and user data are transmitted simultaneously. In a
case that the control information and the user data are
transmitted separately, a physical layer uplink control
channel for user-to-base-station and a physical layer up-
link control channel for user-to-user are designed, control
information to be transmitted and a modulation and cod-
ing format are defined based on characteristics of D2D
communication, and mapping between the control infor-
mation and physical transmission resource on the chan-
nel is defined. In a case that the control information and
the user data are transmitted simultaneously, a mode of
transmitting the control information and the user data for
the D2D on a PUSCH simultaneously is designed, and
a modulation and coding mode and a resource mapping
mode for the D2D are defined.

[0178] The communication efficiency between D2D
equipments can be improved based on the above-de-
scribed design according to the present disclosure, there-
by enhancing the performance of data transmission.
[0179] Inthe system and method of the present disclo-
sure, it is obvious that respective components or steps
can be decomposed and/or recombined. Such decom-
position and/or recombination should be considered as
an equivalent solution of the present disclosure. And, the
steps performing a series of processing above can be
performed in the describing order naturally, but this is not
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necessary. Some steps can be performed concurrently
or independently with one another.

[0180] Although the embodiments of the present dis-
closure have been described in detail in combination with
the drawings above, it should be understood that, the
embodiments described above are only used to explain
the present disclosure and is not constructed as the lim-
itation to the present disclosure. For those skilled in the
art, various modification and alternation can be made to
the above embodiments without departing from the es-
sential and scope of the present disclosure. Therefore,
the scope of the present disclosure is only defined by the
appended claims and the equivalents thereof.

Claims

1. A user equipment for performing device-to-device,
D2D, communication in a wireless communication
system comprising at least the user equipment and
another user equipment, the user equipment com-
prising:

a control unit; and

a transmitting unit controlled by the control unit
for transmitting control information to the anoth-
er user equipment via an uplink channel,

wherein the control information comprises at least
one of data transmission format information and
power control information.

2. The user equipment according to claim 1, wherein
the control information further comprises at least one
of channel status report information, Hybrid Auto-
matic Repeat Request, HARQ, confirmation infor-
mation, transmission priority information and trans-
mission stability indication information.

3. The user equipment according to claim 2, wherein
the transmitting unit transmits the control information
to the another user equipment with a Physical Uplink
Control Channel, PUCCH.

4. The user equipment according to claim 3, wherein
the PUCCH has at least one of:

a first PUCCH format for transmitting at least
one of the channel status reportinformation and
the HARQ confirmation information;

a second PUCCH format for transmitting the da-
ta transmission format information and the pow-
ercontrol information, orfortransmitting the data
transmission format information, the power con-
trol information and at least one of the transmis-
sion priority information and the transmission
stability indication information; and

a third PUCCH format for transmitting the data
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transmission format information, the power con-
trol information, the channel status report infor-
mation and the HARQ confirmation information,
or for transmitting the data transmission format
information, the power control information, the
channel status report information, the HARQ
confirmation information and at least one of the
transmission priority information and the trans-
mission stability indication information.

5. Theuserequipmentaccording to claim 3 or 4, further
comprising:

a modulating unit controlled by the control unit
for modulating the PUCCH into an Orthogonal
Frequency Division Multiplexing, OFDM, sym-
bol; and

a mapping unit controlled by the control unit for
mapping the OFDM symbol onto a time slot in
a subframe,

wherein a location of a reference symbol on the time
slot is determined by the mapping unit depending
upon a format of the PUCCH, and

wherein different PUCCH formats have different lo-
cations of the reference symbol.

6. The user equipment according to claim 2, wherein
the transmitting unit transmits the control information
to the another user equipment with a Physical Uplink
Shared Channel, PUSCH.

7. The user equipment according to claim 6, further
comprising:

a modulating unit controlled by the control unit
for modulating the data transmission format in-
formation and the power control information;
and

a multiplexing unit controlled by the control unit
for causing the data transmission format infor-
mation and the power control information mod-
ulated by the modulating unit to participate in
multiplexing with data information.

8. The user equipment according to claim 7, wherein
the modulating unit further modulates at least one of
the transmission priority information and the trans-
mission stability indication information, and
the control unit causes the at least one of the trans-
mission priority information and the transmission sta-
bility indication information modulated by the modu-
lating unit to incorporate into a bit stream multiplexed
by the multiplexing unit in a slotting manner.

9. The user equipment according to claim 6, further

comprising:
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a mapping unit controlled by the control unit for
mapping the control information onto a sub-
frame,

wherein the data transmission format informa-
tion is disposed by the mapping uniton alocation
which is close to that of a reference symbol.

The user equipment according to claim 1, wherein
the wireless communication system further compris-
es a base station, and the transmitting unit transmits
a D2D Scheduling Request, SR, to the base station
with a Physical Uplink Control Channel, PUCCH.

The user equipment according to claims 10, wherein
the PUCCH has at least one of:

a first PUCCH format for transmitting Hybrid Au-
tomatic Repeat Request, HARQ, confirmation
information or a Scheduling Request, SR;

a second PUCCH format for transmitting chan-
nel status information; and

athird PUCCH format for transmitting the HARQ
confirmation information, the SR, or the channel
status information,

wherein the control unit makes a representation of
the D2D SR by adding a bit to the third PUCCH for-
mat, or

the control unit makes a representation of the D2D
SR by redefining a bit representing the SR in the
third PUCCH format, or

the control unit makes a representation of the D2D
SR by redefining a bitrepresenting the SR in the first
PUCCH format and adding modulation and demod-
ulation for the PUCCH with the first PUCCH format.

The user equipment according to claim 11, wherein
the control unit makes a representation of the anoth-
er user equipment participating in the D2D transmis-
sion by adding a Radio Network Temporary Identifi-
er, RNTI, to the PUCCH.

An electronic device at a base station side, applica-
ble to a wireless communication system comprising
afirst user equipment, a second user equipment and
the base station, the electronic device comprising:

a processing circuit configured to:

generate uplink scheduling grant informa-
tion for D2D communication to be per-
formed between the first user equipment
and the second user equipment based on
a D2D Scheduling Request, SR, relative to
the D2D communication from the first user
equipment; and

map the uplink scheduling grantinformation
onto a Physical Downlink Control Channel,
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PDCCH, to indicate a resource for the first
user equipment to perform the D2D com-
munication.

The electronic device according to claim 13, wherein
the processing circuit is further configured to asso-
ciate the uplink scheduling grant information with an
RNTI of the first user equipment and an RNTI of the
second user equipment, to indicate that the uplink
scheduling grant information is used for the D2D
communication to be performed between the first us-
er equipment and the second user equipment.

The electronic device according to claim 14, wherein
the processing circuit is configured to scramble a
Cyclic Redundancy Check, CRC, of the uplink
scheduling grant information by using the RNTI of
the first user equipment and the RNTI of the second
user equipment, to perform the association.

The electronic device according to claim 13, wherein
the processing circuit is further configured to deter-
mine transmission resource allocation based on cur-
rent resource usage and resource configuration of
the first user equipment, to generate the uplink
scheduling grant information for the D2D communi-
cation.

The electronic device according to claim 13, wherein
the resource for the D2D communication comprises
a resource in a resource pool.

The electronic device according to any one of claims
13 to 17, wherein the electronic device is a base
station, and the electronic device further comprises
a transmitting unit configured to receive the D2D
Scheduling Request, SR, and transmit the uplink
scheduling grant information to the first user equip-
ment via the Physical Downlink Control Channel,
PDCCH.

An electronic device at a user equipment side, ap-
plicable to a wireless communication system com-
prising the user equipment, another user equipment
and a base station, the electronic device comprising:

a processing circuit configured to

generate a D2D Scheduling Request, SR,
for requesting performing D2D communica-
tion between the user equipment and the
another user equipment to the base station;
and

map the D2D Scheduling Request, SR, onto
a Physical Uplink Control Channel PUCCH,
to indicate a resource for the D2D commu-
nication requested by the user equipment.
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The electronic device according to claim 19, wherein
the processing circuit is further configured to
acquire a Physical Downlink Control Channel, PD-
CCH, from the base station; and

descramble a Cyclic Redundancy Check, CRC, of
uplink scheduling grant information carried on the
Physical Downlink Control Channel, PDCCH, and
determine the uplink scheduling grant information for
the D2D communication to be performed between
the user equipment and the another user equipment
to acquire a resource for the D2D communication.

The electronic device according to claim 20, wherein
the processing circuit is further configured to de-
scramble the Cyclic Redundancy Check, CRC, by
using an RNTI of the user equipment and an RNTI
of the another user equipment.

The electronic device according to claim 20, wherein
the resource for the D2D communication comprises
a resource in a resource pool.

The electronic device according to any one of claims
19 to 22, wherein the electronic device is the user
equipment, and the electronic device further com-
prises a transmitting unit configured to transmit the
D2D Scheduling Request, SR, to the base station
via the Physical Uplink Control Channel, PUCCH.

A communication method at a base station side, ap-
plicable to a wireless communication system com-
prising a first user equipment, a second user equip-
ment and the base station, the method comprising:

generating uplink scheduling grant information
for D2D communication to be performed be-
tween the first user equipment and the second
user equipmentbased on a D2D Scheduling Re-
quest, SR, relative to the D2D communication
from the first user equipment; and

mapping the uplink scheduling grantinformation
onto a Physical Downlink Control Channel, PD-
CCH, to indicate a resource for the first user
equipment to perform the D2D communication.

A communication method at a user equipment side,
applicable to a wireless communication system com-
prising the user equipment, another user equipment
and a base station, the method comprising:

generating a D2D Scheduling Request, SR, for
requesting performing D2D communication be-
tween the user equipment and the another user
equipment to the base station; and

mapping the D2D Scheduling Request, SR, onto
a Physical Uplink Control Channel, PUCCH, to
indicate a resource for the D2D communication
requested by the user equipment.
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26.

27.

28.

29.

30.
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A user equipment for performing device-to-device,
D2D, communication in a wireless communication
system comprising at least the user equipment and
another user equipment according to any one of
claims 1 to 12, the user equipment comprising:

a control unit; and

a receiving unit controlled by the control unit for
receiving control information transmitted by the
another user equipment,

wherein the control information comprises at least
one of data transmission format information and
power control information.

A method for performing device-to-device, D2D,
communication in a wireless communication system
comprising at least a first user equipment and a sec-
ond user equipment, the method comprising:

transmitting, by the first user equipment, control
information to the second user equipment via an
uplink channel,

wherein the control information comprises at
least one of data transmission format informa-
tion and power control information.

The method according to claim 27, wherein the first
user equipment transmits the control information to
the second user equipment with a Physical Uplink
Control Channel, PUCCH.

The method according to claim 27, wherein the first
user equipment transmits the control information to
the second user equipment with a Physical Uplink
Shared Channel, PUSCH.

The method according to claim 27, wherein the wire-
less communication system further comprises a
base station, and the first user equipment transmits
a D2D Scheduling Request, SR, to the base station
with a Physical Uplink Control Channel, PUCCH.
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